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The modern  Amazonia  landscape  and  biodiversity  are  strongly  associated with  the  evolution  of  the 
Amazon River system. Paleogeographical models suggest that the shift from a large wetland dominated 
by avulsive channels and flooded forests to the incised transcontinental river valley (Várzea) bounded by 
non‐flooded  forests  (Terra  Firme)  is  the  geological  event  that  has  had  the  greatest  impact  for  the 
diversification of the Amazonian Biota. Nonetheless, there is no consensus about the time of formation 
of  the Terra Firme and shifts  from wetland  flooded  forests  to non‐flooded  forests  in western Amazon 
lowlands. This  landscape shift  is thought to have occurred between the Miocene (11 Ma) and the Late 
Pleistocene  (100 ka). This  large time  interval may be due to a  lack of absolute ages  for the sediments 
forming  Terra  Firme  forest  substrates  in  western  Amazonian  lowlands.  In  Brazil,  the  Içá  Formation 









from  top  to  bottom:  Coari  63.5±6.1,  55.4±5.5,  70.5±7.2  ka;  Tefé  155.5±14.4,  86.4±12.0,  121.8±11.3, 
98.1±9.8, 100.5±15.7, 99.4±9.1 ka; Santo Antônio do Içá 50.5±5.6, 58.9±5.9, 134.5±11.9, 117.9±13.0 ka). 











































































































































































































































to  irradiation‐bleaching cycles during sediment  transport. Confocal microscopy studies show  that high 
sensitivity  quartz  have  higher  amount  of  physical  defects  compared  to  low  sensitivity  quartz.  We 









Pietsch,  T.J., Olley,  J.M., Nanson, G.C.  2008.  Fluvial  transport  as  a natural  luminescence  sensitizer of 
quartz. Quaternary Geochronology 3(4), 365‐376. 
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This trip will focus on the loess and dune deposits found in west-central Nebraska.  Much of the 
state’s surficial geology is dominated by either loess or dunes (Fig. 1).  Peoria loess is the 
dominant loess deposit that lies at the surface in the central and eastern part of the state.  Peoria 
loess was deposited between ~ 25,000-14,000 years ago (Bettis et al., 2003; Mason et al., 2011), 
and thins with distance from the Sand Hills (Mason, 2001; Fig. 2).  The Peoria overlies older 
loess units such as the Gilman Canyon Formation and the Loveland Loess (Muhs et al., 1999; 
Mason et al., 2007).  Locally up to 6 meters of Bignell Loess is found overlying the Peoria, 
particularly in areas adjacent to the Sand Hills.  It was deposited in pulses during the Holocene, 
and is distinguished from the underlying Peoria by its darker color due to the number of buried 
soils.   
 
Fig. 1. Topographic regions of Nebraska. The yellow areas are sand dunes and sand sheets and 
much of the stippled patterns in central and eastern Nebraska are underlain by loess. The region 
labeled ‘Loess’ is underlain by relatively thick (> 8 m) Peoria Loess.  Field trip stops are: 1. 
Judkins Table, 2. Red Ranch Beds, 3. Vinton Blowout, 4. & 5. Bignell Hill and Moran Canyon.   
 
The Nebraska Sand Hills are the largest sand dune region by area in the western hemisphere, 
covering ~ 50,000 km2 (Fig. 3).  Although the landscape is currently stabilized by prairie 
vegetation, both radiocarbon and optically stimulated luminescence dating of dune deposits 
indicates widespread mobility multiple times in the Holocene, with the latest event dating to 800-
1000 years ago (Miao et al., 2007). Other dune activation events in the Holocene include an 
activation period between 9000-6000 years ago and shorter events centered around 2500 and 
4000 years ago.  The large dunes in the Sand Hills were active in the late Pleistocene and have 
yielded ages that cluster around 17,000-15,000 years ago (Mason et al., 2011), but the dunefield 
was likely active long before that.  The dunes were apparently inactive between ~ 14,000 to 
 around 9000 years ago around the Pleistocene-Holocene transition.  The eastern Sand Hills are 
dominated by relatively low relief linear dunes that are 10-15 m high and oriented NW-SE. 
Barchanoid ridges over 100 m high with E-W orientations are found in the central and western 
portions of the dunefield.  Lakes and marshes are widespread today in interdune areas, 
particularly in the west. Relatively small and low relief dunes are common on abandoned alluvial 
deposits of the streams draining the Sand Hills, including the Platte River.   
 
Fig. 2.  Peoria Loess thickness in Nebraska from Mason (2000).  Locations for field trip stops 
Judkins Table (JT), Bignell Hill (BH) and Moran Canyon (MC) are shown.   
Fig. 3. Dunefields of the central and southern 
Great Plains.  Nebraska Sand Hills (NSH) are the largest on the Great Plains.     
 The broad and relatively flat Platte River valley is a prominent feature on the landscape in 
Nebraska.  We will drive through the valley on both days of the trip, largely when we are 
travelling along Interstate 80.  The Platte River’s watershed is approximately 220,000 km2 and 
drains a portion of the Rocky Mountains in Colorado and Wyoming.  The discharge regime has 
been greatly altered by the placement of dams in Colorado, Nebraska and Wyoming.  The Platte 
valley is underlain by at least 16 m of alluvium in stretches of the valley, much of which is sand 
and gravel.  Multiple abandoned alluvial surfaces, including multiple terrace levels, are evident 
in the valley, with heights that range from 2 to 9 meters above the modern floodplain.  Older 
alluvial deposits of the Platte have been buried by Peoria and older loess deposits.   
 
Loess deposits on Judkins Table, Nebraska 
Judkins Table is in the region of thick (> 24 m) 
loess adjacent to the Sand Hills which lie to 
directly to the northwest (Fig. 2).  The upper 
portion of the table is primarily Peoria with 
Bignell Loess is also present on the table and 
surrounding uplands.  The Peoria here is fairly 
sandy and locally laminated, similar to other 
loess that is proximal to its source in Nebraska.  
The Devil’s Den site (see geochronology in Fig. 
8) is in the immediate area.  This was one of 
three sites that Roberts et al. (2003) used to show 
unprecedented mass accumulation rates from ~ 
18-14 ka in the Peoria.  Their calculated rates 
were ~10,500 g m-2 yr-1 at Devil’s Den and ~ 
11,500 g m-2 yr-1 at Bignell Hill.   
 
Fig. 4. Judkins Table and surrounding area.  
Thick dissected loess is seen in the area around 
the table and linear dunes are immediately to the 
north.   
 
Nebraska Sand Hills and Red River Ranch Beds near Seneca, Nebraska 
The exposure at this site shows eolian dune sand overlying older Pliocene aged sediments along 
the Middle Loup River.  The Pliocene sediments are informally named the Red Ranch beds and 
include lacustrine, eolian and fluvial facies.  These beds underlie a good portion of the Sand 
Hills, and the sand sheets in these deposits may be a significant source of the sand for the 
Quaternary age dunes.  OSL ages have not been published from this exposure, but one sample 
collected from the upper portion of the eolian sand yielded an age of 4100 ± 300 years ago.   
    
Nebraska Sand Hills at Vinton Blowout south of Mullen, Nebraska 
The Vinton exposure, studied by Mason et al. (2011) shows eolian sand exposed along the 
upwind end of a barchan dune (Fig. 5).  This barchans and others in the area show northwest to 
southeast migration patterns.  The sand in the lower portion shows large-scale cross-bedding that 
dips at around 30°.  OSL ages collected from the lower portions of the exposure were dated to 
15.7 ± 1.4 and 16.8 ± 1.3 ka (Fig. 6).  These ages are similar to other older ages from other dunes 
in the Sand Hills that cluster between 17-14 ka.  The dune sand in the upper portions of the 
exposure are approximately 2300 yrs old and are capped by a paleosol.  The overlying eolian 
sand is likely less than 500 years old.    
 
 
Fig. 5. Topographic map showing location of the Vinton Blowout, and surrounding dunes.  Each 










Fig. 6. Dune stratigraphy and OSL ages from the Vinton Blowout.  Upper image shows ages for 
the older portion of the dunes (Mason et al., 2011), photograph shows unpublished ages done by 
Swinehart and Goble.   
 
Late Quaternary Loess Geochronology and Stratigraphy at Bignell Hill and Moran 
Canyon, near North Platte, Nebraska 
 
Loess exposures at Bignell Hill and Moran Canyon have been studied by multiple researchers, 
and both OSL and radiocarbon chronologies have been published in recent years (Fig. 7).  
Bignell and Peoria loess are exposed at both sites, and Gilman Canyon is also exposed at Bignell 
 Hill. Bignell Hill is a relatively well-studied loess deposit that shows approximately 51 m of 
Peoria Loess.  Radiocarbon, OSL and older TL ages (Maat and Johnson, 1996) from both sites 
are in good general agreement (see Figs. 8-11).  Eolian and is found within the Peoria at both 
locations, and has been dated to between approximately 20-22 ka.  The Brady Soil, which is 
found at the top of the Peoria, dates to between approximately 14-9 ka.  This period corresponds 
to a hiatus in dune activity in the Sand Hills.   
 
 
Fig. 7. Location of Bignell Hill and Moran Canyon exposures south of the Platte River valley. 
This LiDAR-based shaded relief map reveals the dune/sand sheet topography mantled by thick 
Peoria Loess adjacent to both sections. Square mile sections are present in the bottom southwest 
portion of the image.   
 
   
Fig. ig. 8. Loess stratigraphy and geochronology from Bignell Hill, Devil’s Den, and Eustis, 
Nebraska from Roberts et al. (2003).  Radiocarbon ages are from Muhs et al. (1999), Maat and 
Johnson (1996) and Johnson and Willey (2000).   
 
  
Fig. 9. Geochronology and loess stratigraphy from Bignell Hill from Muhs et al. (2008).  OSL 
ages from the Peoria are from Roberts et al. (2003), those from Bignell are from Mason et al., 
2003.  Radiocarbon ages are from Muhs et al. (1999).      
 
Fig. 10. Loess ages from Bignell Hill, County Line Ranch and Moran Canyon indicating the age 
of the Brady Soil using both OSL and radiocarbon (Mason et al., 2008).   
  
Fig. 11. Loess at Bignell Hill and Moran Canyon with OSL ages in ka (Fig. from Mason et al., 
2011).  
 
















Fig. 12.  Interpretive geological cross-sections and geochronology in the Platte River valley near 
the towns of North Platte (upper) and Kearney (lower).  Elevations are in meters.  Images from 
Bruihler (2016).    
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